03 



CM 
CD 



DL 
UJ 



(19) 




Europaisches Patentami 
European Patent Office 
Office europeen des brevets 




(11) 



EP 0 462 197 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
01.05.1996 Bulletin 1996/18 

(21) Application number: 90904964.5 

(22) Date of filing: 14.02.1990 



(51) mt ci. 6 : G02B 6/28, G01 B 9/02 

(86) International application number: 
PCT/SE9Q/00094 

(87) International publication number: 

WO 90710883 (20.09.1990 Gazette 1990/22) 



(54) A method of detecting and measuring external influence 

Methode zum Detektieren und Messen von ausseren Einwirkungen 
Procede de detection et de mesurage d'une influence externe 



Q 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB IT LI LU NL 

(30) Priority: 08.03.1989 SE 8900805 

(43) Date of publication of application: 
27.12.1991 Bulletin 1991/52 

(73) Proprietor KARLSSON, Stefan 
S-590 50 Vikingstad (SE) 

(72) Inventor: KARLSSON, Stefan 
S-590 50 Vikingstad (SE) 



(74) Representative: Hedefalt, Dag et al 
Forsvarets Materielverk 
Patentenheten 
S-115 88 Stockholm (SE) 



CD 

O 



o 




(56) References cited: 
EP-A- 245 091 
US-A- 4 070 091 
US-A- 4 636 029 
US-A- 4 770 535 



US-A- 3 854 792 
US-A- 4 297 684 
US-A- 4 697 926 
US-A- 4 784 453 



• IEEE J. Quant.Electr.,QE-18,No.14,p.662-665, 
Intern.Conf. on Optical Fiber Sensors, 
IE E, 1981, p. 160-1 66, Laser und Optoelektronlk, 
IS.Jahrgang, sept 1983, p.223-234 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP0 462 197 B1 



Description 

Fibre optical sensor technique is a field that during 
the last ten years has been predicted a very expanding 
market. The expansion has, however, not reached the 
pace that was predicted. The reason for this is principal- 
ly the difficulty to separate the sensor information from 
the varying influence from the environment, both on the 
sensor and on the transmission to and from the sensors. 
Another reason is that the single-mode technique that 
has the highest degree of sensitivity is complex and de- 
mands that the components used are very accurate. 
The multimode technique, on the other hand, can allow 
a more simple design and moreover, it uses more robust 
components. Thereby it is possible to reach such a level 
for the costs for the fibre optical sensors that they be- 
come economically interesting. But the multimode tech- 
nique has also not experienced a break-through, mostly 
due to the lower sensitivity that hitherto has been 
achieved with this technique. Conventional multimode 
technique is of cause based on principles of intensity 
modulation of the light that is transmitted in the core of 
the multimode fibre. This technique is less sensitive than 
the phase-sensitive detection that the single-mode tech- 
nique is based on. 

Examples for sensors and detection schemes can 
be found in EP-A- 245 091 , Laser and Optoelektronik, 
15. Jahrgang, Sept. 1983, p. 226-234, and in the Pro- 
ceedings of the Intern. Conf. on Optical Fiber Sensors, 
I EE, 1983, p. 160-166. 

The fibre optical sensors have potentially very great 
advantages, primarily due to their non-galvanic con- 
struction, that result in for instance insensibility for EMP, 
EMC etc. The sensitivity that can be achieved is also as 
good as or better than what can be achieved with other 
types of sensors. Another interesting characteristic of 
the fibre optical sensor technique is the possibility to 
multiplex several sensors along the same fibre optical 
cable and in that way implement sensor systems that is 
able to cover for instance large surveillance zones. The 
sensors of the system can be dimensioned to be sensi- 
tive to several physical quantities such as preasure and 
magnetism. Great tactical advantages can be achieved 
by this. In order to achieve this goal the sensors have 
to be based upon such a technique that a realization of 
the sensor technique is robust and functionally reliable 
and this at a reasonable cost in comparison with con- 
ventional technique. 

The present invention relates to a method to use an 
optical fibre as a sensor. The detection is phase-sensi- 
tive and can be applied to both single- and multimode 
fibres. The invention solves the present problem by the 
invention being designed as is evident from the following 
claim 1 . 

In the following the invention will be described in 
more detail with referens to the attached drawings 
where 



fig 1 shows a laser, a fibre, in which the radiation 
propagates in several modes and the interfer- 
ence pattern after the fibre, 

fig 2 shows an interference detector according to 
5 the invention, 

fig 3 shows a first sensor system according to the 
invention, 

fig 4 shows a second sensor system according to 
the invention, 

io fig 5 shows a third sensor system according to the 
invention, 

fig 6 shows two variants of the sensor circuit in fig 5 
and 

fig 7 shows a fou rth sensor system according to the 
invention. 
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The suggested sensor system is based on detection 
of variations in the phase condition of the light that is 
transmitted in an optical fibre. This is a more sensitive 
method of measuring mechanical influence on the opti- 
cal fibre than measuring the variations in the effect or 
the intensity of the light. A mechanical influence on the 
optical fibre can be translated to serve as a measuring 
quantity of, for instance, acoustical waves or magnet 
fields. It is very important that the sensor system is not 
sensitive to external influence from the environmental 
parameters, that can give rise to an increased noice lev- 
el for the measuring quantity of interest. For solutions 
that concernes multiplexing several fiber optical sensor, 
this is of particular relevance. The solution according to 
the invention is based on a principle which among other 
things means that the variations in the optical fibre due 
to the environment are filtered out and that only signifi- 
cant changes caused by the measuring quantity are pre- 
sented by the sensor or sensor system. The principle is 
described below. 

In a single-mode fibre there exists only one mode 
for light having a wavelength above the cut off wave- 
length of the fibre. Light of a shorter wavelength that is 
transmitted in the single-mode fibre will propagate in 
several modes. The single-mode fibre will then act as a 
multimode fibre. 

In a multimode fibre there exists many directions of 
propagation due to the angle of incidence to the fibre 
that the incident "light rays* have. These directions of 
propagation are called modes. If coherent light, as in fig 
1 , from a laser 1 is transmitted in the fibre 2 and the 
emerging light illuminates for example a white paper, a 
pattern of interference 3 will appear on the paper. This 
pattern is usuaty called speckle pattern. The pattern is 
caused by the constructive or destructive combination 
of the different modes of the multimode fibre. This pat- 
tern of interference is extremely sensitive to external in- 
fluence on the fibre as the relative phase relation is 
changed by the influence, which in its turn causes a 
movement of the pattern of interference. If this move- 
ment can be detected a very accurate method to detect 
influence on the fibre is achieved. The coherence length 
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for the light must be longer than the difference in dis- 
tance between the highest and the lowest modes. 

One method to detect this pattern is to place a pho- 
todiode on a fixed spot for instance on an intensity max- 
imum and watch the intensity variations. The disadvan- 
tage with this is that the pattern fades due to the random 
phase difference between emerging modes, which do 
not emerge uniformly during the time. Below a method 
to solve the problem is given. 

The phase relations can change due to changes in 
the spectral characteristics of the source of light caused 
by for instance modulation of the laser diode, by tem- 
perature variations of the source of light, by temperature 
variations along the optical fibre and by random distri- 
bution of the modes in the optical fibre, for instance 
caused by the concatination points. Such unwanted 
phase variations have an uniform effect on the radiation 
in all directions of polarisation, which is not the case for 
the phase variations that are caused by the external in- 
fluence in the sensor areas. 

The light emerging from the end of the fibre is there- 
fore split by a beam splitter 4 into two beams, see figure 
2. Each beam includes the entire interference pattern 
created by the transmission in the fibre. It is suitable to 
choose to split the beam into two beams that are on the 
whole equally strong, even though this is not necessary. 
The two beams are then plane-polarized in different di- 
rections by two polarizers 5 and 6. It is suitable to choose 
two directions that are essentially perpendicular to each 
other, even though this is not necessary. In a suitable 
embodiment of the invention the two emerging beams 
are then detected by detectors 7 and 8 independently 
from each other and the difference in amplitude is com- 
pared in a differential amplifier 9. The signal coming 
from the differential amplifier 9 is a measure of the ex- 
ternal influence. 

In stead of forming a difference signal, it is possible 
to form, in another type of signal processing device 9°, 
other types of signals that are a measure of the quantity 
one wishes to measure. Thus it is possible to detect the 
difference in the quotient between the two signals or the 
variations in the frequency distribution between them. 

It is possible to use several sensors, 12 or 12 and 
1 3, according to the invention in a sensor system. Then 
the radiation is transmitted in short pulses through a dis- 
tribution cable 10 in the form of an optical fibre. Along 
the distribution cable the sensors are distributed. The 
radiation pulses are coupled from the distribution cable 
to the sensors by means of first optical couplers, that 
couple a certain amount of the effect of the laser pulses 
to the sensor and let the rest pass on to other sensors. 
By means of other optical couplers the radiation pulses 
are coupled from the sensors to one or more return ca- 
bles 1 1 in the form of optical fibres, in which the radiation 
pulses from different sensors are time-multiplexed. 
From the return cable or cables the radiation is conduct- 
ed to a signal processing device 9,9° that detects the 
amplitude and/or frequency content of each radiation 



beam, and from this forms a signal that is a measure of 
their amplitude relation or frequency relation, which in 
its turn is a measure of the externa! influence in the sen- 
sor area. The result is presented in a presentation de- 
s vice. 

If it is possible to make sure that all influence on the 
cable takes place in special sensor areas and the rest 
of the optical fibre, in both the distribution cable and re- 
turn cable, is completely undisturbed, which is very dif- 

10 ficult considering the tremendous sensitivity of the 
phase sensitive detection, then one sensor area 12 
would be enough in the sensors. In practice this is not 
easy and above all, one does not wish to be forced to 
protect the distribution cables and return cables from ex- 
's ternal influence to the extent necessary in order to reach 
successful results. Therefore one often designs each 
sensor with one sensor area 1 2, in the form of a sensor 
fibre, as well as one well protected reference fibre 13. 
By designing the sensor in this way, it is possible to take 

20 out a reference signal at the time and place of the signal 
from the sensor area and by comparison with it, filter out 
changes just in the sensor fibre. 

In a first variant of the invention, the sensor with a 
sensor fibre 12 and a reference fibre 1 3 could be made 

25 as a fibre optical ring, in which pulses of radiation is con- 
ducted. The radiation is first conducted through the ref- 
erence half 1 3, after which a part of the radiation is con- 
ducted to the detector device. The rest will travel around 
in the ring and passes the sensor fibre 1 2 and thereafter 

30 the reference fibre 1 3, after which a part of the radiation 
is again conducted to the detector device etc. with lower 
and lower signal amplitude. The first signal will then be 
a pure reference signal. 

At least two ways to implement the system is con- 

35 ceivable. In the first system, according to figure 3, an 
interference detector 14 is placed after each sensor The 
radiation from the detector device 1 4 in the two different 
polarisation directions are connected to a common sig- 
nal processing device 9,9° via separate optical fibres 11 . 

40 Finally a demultiplexing takes place in a demultiplexer 
1 5 in order to separate the radiation from the different 
sensors. 

The second system according to figure 4 is on the 
whole similar to the first, but on the receiver side there 

45 is some difference. Thus the radiation from each sensor 
1 2, 1 3 is conducted, time-multiplexed when there is sev- 
eral sensors, by one and the same optical fibre 11 to a 
common interference detector 14, that is followed by a 
signal processing device 9,9° and a demultiplexer 15 in 

50 the same way as in the first system. 

In stead of using a sensor ring as above, in other 
variants of the invention one could be using two seper- 
ate adjacent optical fibres connected in parallel, where 
one is a reference fibre 1 3 and the other a sensor fibre 

55 1 2. This is shown in figure 5. As the signal is not running 
around in the sensor, in this case one only gets one ref- 
erence signal and one sensor signal. In other respects 
the system can be designed exactly as in the two earlier 
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mentioned cases. Besides, in practice one only consid- 
ers one reference signal and one sensor signal also in 
the case with the sensor ring. 

Figure 6 shows variants of the sensor coupling in 
fig 5, which in principle gives the same situation as in 
this figure. Certain system related advantages can, 
however, occur with this method. 

In some applications, especially with the sensor fi- 
bre 12 and the reference fibre 13 connected in parallel 
as above, it could be necessary to introduce a well de- 
fined delay in the form of a transmission line of a deter- 
mined length in order to adjust the time relation between 
the reference signal and the sensor signal from one sen- 
sor. 

It is possible to design a system, in which interfer- 
ence between different modes is only localized to the 
sensors. If one uses as distribution and return fibres 10, 
1 1 single-mode fibres having a cut off wavelength below 
the wavelenght of the present radiation in the system, 
so that the radiation is only transmitted in one mode in 
the fibre, no interference between different modes occur 
here. Then one uses for the sensor part together with 
the connections belonging to it either a multimode fibre 
or a single-mode fibre having such a high cut off wave- 
lenght that the radiation in the system have a wave- 
length below this cut off wavelenght, so that the radiation 
is transmitted in several modes. This solution is perhaps 
most advantageous in the system according to figure 3. 

Figure 7 shows what such a system could look like, 
with single-mode fibres operated in single-mode in the 
distribution and return fibres 10, 11 and a fibre operated 
in multimode as sensor fibre 1 2. 



Claims 

1 . A method of detecting and measuring external influ- 
ence, for example pressure or magnetic field, on a 
sensor area (1 2) in the form of an optical fibre, char- 
acterized in that coherent radiation is transmitted 
through the sensor area in several modes, that, in 
a detector device (1 4) on the receiver side, the radi- 
ation is split into two beams, so that each beam 
includes the entire interference pattern resulting 
from the relative phase changes between the sev- 
eral modes, which changes are caused by the 
external influence acting on the sensor area, that 
the beams are linearly polarized, each beam in a 
different direction, which polarized beams are then 
conducted to a signal processing device (9,9°) 
which measures the amplitude and/or frequency 
distribution of each beam and from this forms a sig- 
nal which is a measure of the amplitude and/or fre- 
quency relation of said beams, which in its turn is a 
measure of the external influence in the sensor area 
(12). 

2. A method according to claim 1 , characterized in 



that the radiation is split into two beams of on the 
whole the same intensity. 

3. A method according to claim 1 or 2, characterized 
s in that the beams are linearly polarized in two on 

the whole perpendicular directions. 

4. A method according to one of the claims 1 - 3, char- 
acterized in that the radiation is transmitted in short 

10 pulses along a distribution cable (1 0) in the form of 
an optical fibre and coupled by means of first optical 
couplers along the distribution cable to a number of 
sensors (12,13), each comprising a sensor area 
(12), that the radiation from the sensors is coupled 

15 by means of second optical couplers to one or more 
return cables (11) in the form of optical fibres, in 
which the pulses of radiation is wavelength multi- 
plexed. 

20 5. a method according to one of the previous claims, 
characterized In that each sensor is designed as 
two adjacent parts of optical fibres, one of which is 
a reference fibre (13) and the other a sensor fibre 
(12). 

2S 

6. A method according to claim 5, characterized In 
that each sensor is designed as a fibre optical ring, 
in which the radiation is conducted, said ring having 
a reference half (13), to which the radiation is first 

30 conducted, and a sensor half (12), that the radiation 
is conducted to the detector device (14) from the 
reference half (1 3), which result in the first signal to 
the detector device being a pure reference signal, 
after which follows signals that have passed the 

35 sensor fibre (1 2) and the reference fibre (1 3) a suc- 
cessively increasing number of times. 

7. A method according to claim 5, characterized in 
that each sensor (12,1 3) is designed as two sepa- 

40 rate optical fibres connected in parallel. 

8. A method according to one of the claims 4 - 7, char- 
acterized In that a detector device (14) is placed 
after each sensor (12,13), from which devices the 

45 radiation in the two directions of polarisation is con- 
ducted in an optical fibre (11) each to a common 
signal processing device (9,9°) and then, in a sys- 
tem with several sensors, to a demultiplexer (15). 

50 9. a method according to one of the claims 4-7, char- 
acterized In that the radiation from the sensors 
(12,13) is conducted in one optical fibre (11) to a 
common detector device (14) and a signal process- 
ing device (9,9°) and then, in a system with several 

55 sensors, to a demultiplexer (15). 

10. A method according to one of the previous claims, 
characterized In that only those parts of a fibre that 
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is part of a sensor (12,13) is chosen such that the 
radiation is transmitted in several modes, while the 
other parts of fibre (10,11) is chosen such that the 
radiation is transmitted in only one mode. 



Patentanspruche 

1. Ein Verfahren zur Erfassung und Messung einer 
auGeren Einwirkung, zum Beispiel Druck oder ein 
Magnetfeld, auf einen Sensorbereich (12) in Form 
eines Lichtwellen letters, dadurch gekennzeichnet, 
daG koharente Strahlung in mehren Moden durch 
den Sensorbereich Obertragen wird, daG die Strah- 
lung in einer Detektorvorrichtung (14) auf der Emp- 
fangerseite in zwei Strahlen aufgespaltet wird, so 
daG jeder Strahl das gesamte Interferenzmuster 
aufweist, das durch die relativen Phasenverande- 
rungen zwischen den mehreren Moden entsteht, 
wobei die Veranderungen durch die auf den Sen- 
sorbereich wirkende auGere Einwirkung verursacht 
werden, daG die Strahlen, jeder Strahl in eine 
andere Richtung, linear polarisiert werden, wobei 
die polarisierten Strahlen dann zu einer Signal-Ver- 
arbeitungsvorrichtung (9, 9°) geleitet werden, die 
die Amplituden- und/oder Frequenzverteilung jedes 
Strahls miGt und hieraus ein Signal erzeugt, das ein 
MeGwert fur das Amplituden- und/oder Frequenz- 
verhaltnis der Strahlen ist, das wiederum ein 
MeGwert fur die auGere Einwirkung im Sensorbe- 
reich (12) ist. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daG die Strahlung in zwei Strahlen mit im gro- 
Gen und ganzen derselben Intensitat aufgespaltet 
wird. 

3. Verfahren nach Anspruch 1 Oder 2, dadurch 
gekennzeichnet, daG die Strahlen in zwei im groGen 
und ganzen senkrechte Richtungen linear polari- 
siert werden. 

4. Verfahren nach einem der Anspruche 1-3, dadurch 
gekennzeichnet, daG die Strahlung in kurzen Impul- 
sen entlang einem Verteilerkabel (10) in Form eines 
Lichtwelienleiters Obertragen und mit Hilfe von 
ersten optischen Koppiern entlang dem Verteilerka- 
bel einer Vielzah! von Sensoren (12, 13) zugeleitet 
wird, von denen jeder einen Sensorbereich (12) 
aufweist, daG die Strahlung von den Sensoren mit 
Hilfe von zweiten optischen Koppiern einem oder 
mehreren Ruckleitungskabeln (11) in Form von 
Lichtwellenleitem zugeleitet wird, in denen die 
Strahlungsimpulse bzgl. der Wellenlange gemulti- 
plext werden. 

5. Verfahren nach einem der vorhergenden Anspru- 
che, dadurch gekennzeichnet, daG jeder Sensor als 



zwei benachbarte Teile von Lichtwellenleitem kon- 
struiert ist, von denen einer ein Referenzleiter (1 3) 
und der andere ein Sensorleiter (12) ist. 

5 6. Verfahren nach Anspruch 5, dadurch gekennzeich- 
net, daG jeder Sensor als ein Lichtwellen leiterring 
konstruiert ist, in dem die Strahlung geleitet wird, 
wobei der Ring eine Ref erenzhalfte (1 3), zu der die 
Strahlung zuerst geleitet wird, und eine Sensor- 

10 ha!fte (12) aufweist, daG die Strahlung von der 
Ref erenzhalfte (13) zur Detektorvorrichtung (14) 
geleitet wird, was dazu fuhrt, daG das erste Signal 
zur Detektorvorrichtung ein reines Referenzsignal 
ist, worauf Signale folgen, die den Sensorleiter (12) 

is und den Referenzleiter (13) aufeinanderfolgend in 
einer zunehmenden Zahl durchlaufen haben. 

7. Verfahren nach Anspruch 5, dadurch gekennzeich- 
net, daG jeder Sensor (12, 13) als zwei separate, 

20 parallel verbundene Lichtwellenleiter konstruiert ist. 

8. Verfahren nach einem der Anspruche 4 - 7, dadurch 
gekennzeichnet, daG nach jedem Sensor (1 2, 1 3) 
eine Detektorvorrichtung (1 4) angeordnet ist, wobei 

25 die Strahlung in den beiden Polar isationsrichtun- 
gen von diesen Vorrichtungen in einem Lichtwellen- 
leiter (11) jede zu einer gemeinsamen Signal- Ver- 
arbeitungsvorrichtung (9, 9°) und dann, bei einem 
System mit mehreren Sensoren, zu einem Demul- 

30 tip lexer (15) geleitet wird. 

9. Verfahren nach einem der Anspruche 4 - 7, dadurch 
gekennzeichnet, daG die Strahlung von den Senso- 
ren (12, 13) in einem Lichtwellenleiter (11) zu einer 

35 gemeinsamen Detektorvorrichtung (14) und einer 
Signal-Verarbeitungsvorrichtung (9, 9°) und dann, 
bei einem System mit mehreren Sensoren, zu 
einem Demultiplexer (15) geleitet wird. 

40 10. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daG nur diejenigen 
Teile eines Leiters ausgewahlt werden, die Teil 
eines Sensors (12, 13) sind, so daG die Strahlung 
in mehreren Moden Obertragen wird, wahrend die 

45 anderen Teile eines Leiters (10, 11) so ausgewahlt 
werden, daG die Strahlung nur in einem Modus 
Obertragen wird. 

50 Rovendications 

1 . Precede de detection et de mesure d'une influence 
externe, par exemple une pression ou un champ 
magnStique sur une zone de detecteur (12) se pre- 
ss sentant sous la forme d'une fibre optique, caracte- 
rise en ce qu'un rayonnement coherent est transmis 
en plusieurs modes a travers la zone de detecteur, 
en ce que, dans un dispositif de detecteur (1 4) situe 
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du c6t6 du recepteur, le rayonnement est s6par6 en 
deux faisceaux, de fa9on que chaque faisceau 
comprenne tout le motif d'interferences resultant 
des changements de phase relatifs entre les diffe- 
rents modes, ces changements etant provoqu6s 5 
par I'influence extern e agissant sur la zone de 
detecteur, en ce que les faisceaux sont polarises 
lineairement, chaque faisceau dans une direction 
differente, ces faisceaux polarises etant ensuite 
transmis a un dispositif de traitement de signal 10 
(9,9°) qui mesure la distribution d'amplitude et/ou 
de frequence de chaque faisceau et, a partir de 
cette distribution, forme un signal qui constitue une 
mesure de la relation d'amplitude et/ou de fre- 
quence de ces faisceaux, cette relation constituant is 
a son tour une mesure de I'influence externe dans 
la zone de detecteur (1 2). 

Precede selon la revendication 1 , caracterise en ce 
que !e rayonnement est s6par6 en deux faisceaux 20 
ayant dans I'ensemble la m§me intensity. 

Precede selon la revendication 1 ou 2, caracterise 
en ce que les faisceaux sont polarises lineairement 
dans deux directions dans I'ensemble perpendicu- 2s 
laires. 

Precede selon Tune des revendications 1 a 3, 
caracterise en ce que le rayonnement est transmis 
par impulsions courtes le long d'un cable de distri- 30 
bution (10) se presentant sous la forme d'une fibre 
optique, ces impulsions etant coupiees, au moyen 
de premiers coupleurs optiques situ£s le long du 
cable de distribution, a un certain nombre de detec- 
teurs (12, 13) comprenant chacun une zone de 3$ 
detecteur (12), et en ce que le rayonnement prove- 
nant des detecteurs est couple, au moyen de 
seconds coupleurs optiques, a un ou plusieurs 
cables de retour (11) se presentant sous la forme 
de fibres optiques, les impulsions de rayonnement 40 
etant multiplex6es en longueurs d'onde. 

Precede selon Tune quelconquedes revendications 
prec6dentes, caract6ris6 en ce que chaque detec- 
teur est concu sous la forme de deux parties de *s 
fibres optiques adjacentes, dont I'une est une fibre 
de reference (13) tandis que I'autre est une fibre de 
detecteur (12). 

Proc6d6 selon la revendication 5, caracteris6 en ce so 
que chaque detecteur est concu sous la forme d'un 
anneau de fibres optiques dans lequel le rayonne- 
ment est conduit, cet anneau comportant une moitie 
de reference (13) dans laquelle le rayonnement est 
tout d'abord conduit, ainsi qu'une moitie de d6tec- ss 
teur (1 2), et en ce que le rayonnement est conduit 
au dispositif de detecteur (14) a partir de la moitie 
de reference (13), d'ou il result e que le premier 



signal arrivant au dispositif de detecteur est un 
signal de reference pur, qui est ensuite suivi par les 
signaux ayant traverse successivement un nombre 
croissant de fois la fibre de detecteur (1 2) et la fibre 
de reference (13). 

7. Precede selon la revendication 5, caracterise en ce 
que chaque detecteur (12, 13) est concu sous la 
forme de deux fibres optiques separ6es branchees 
en parallele. 

8. Proc6d6 selon I'une quelconque des revendications 
4 a 7, caracterise en ce qu'un dispositif de detecteur 

(14) est place apres chaque detecteur (12, 13), le 
rayonnement provenant de chacun de ces disposi- 
tifs dans les deux directions de polarisation, etant 
conduit, chacun dans une fibre optique (11), a un 
dispositif de traitement du signal commun (9,9°) 
puis ensuite, dans un systeme comportant plu- 
sieurs detecteurs, a un demultiplexeur (15). 

9. Precede selon i'une quelconque des revendications 
4 a 7, caracterise en ce que le rayonnement prove- 
nant des detecteurs (12, 13) est conduit, dans une 
fibre optique (11 ), a un dispositif de detecteur com- 
mun (14) et a un dispositif de traitement de signal 
commun (9,9°) puis ensuite, dans un systeme com- 
portant plusieurs detecteurs, a un demultiplexeur 

(15) . 

1 0. Precede selon I'une quelconque des revendications 
precedentes, caracterise en ce que seules les par- 
ties d'une fibre qui font partie d'un detecteur (12, 
1 3) sont choisies de f aeon que le rayonnement soit 
transmis dans plusieurs modes, tandis que les 
autres parties de fibre (10, 11) sont choisies de 
facon que le rayonnement soit transmis dans un 
seul mode. 
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FIG 3 
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